ABSTRACT Background: Disruption of the circadian system may be causal for manifestations of the metabolic syndrome (MetS). Objective: The objective was to study the associations of 5 CLOCK polymorphisms with MetS features by analyzing fatty acid (FA) composition from dietary and red blood cell (RBC) membrane sources. Design: Participants (n = 1100) in the Genetics of Lipid Lowering Drugs and Diet Network (GOLDN) study were included. Dietary intake was estimated with a validated questionnaire. Anthropometric and biochemical measurements and genotypes were determined. Postprandial lipids and the FA composition of RBC membranes were analyzed. Results: CLOCK single nucleotide polymorphisms were significantly associated with obesity and individual components of MetS. For single nucleotide polymorphism rs4580704, minor allele carriers had a 46% lower risk of hypertension than did noncarriers. The monounsaturated fatty acid (MUFA) content of RBC membranes, particularly oleic acid, changed according to CLOCK genetic variants (P , 0.05). We identified significant gene-diet interactions associated with MetS at the CLOCK locus. By dichotomizing MUFA intake, we found different effects across rs4580704 genotypes for glucose (P = 0.020) and insulin resistance (P = 0.026). The protective effect of the minor allele on insulin sensitivity was only present when MUFA intake was .13.2% of energy. We also found different effects across CLOCK 3111T/C genotypes for saturated fatty acid intake (% of energy) (P = 0.017). The deleterious effect of gene variants on waist circumference was only found with high saturated fatty acid intakes (.11.8%). Conclusions: CLOCK polymorphisms interact with FAs to modulate MetS traits. The dietary source and membrane content of MUFAs are implicated in the relations between alterations in the circadian system and MetS.
INTRODUCTION
Recent clinical and epidemiologic studies have shown significant relations between chronobiology and certain components of the metabolic syndrome (MetS). Thus, shift work, sleep deprivation and bright-light exposure at night have been associated with an increased level of adiposity and prevalence of MetS (1) .
Although our understanding of the biological clock model continues to evolve, it is already known that CLOCK (Circadian Locomotor Output Cycles Kaput), one of the transcription factors from the positive limb of the molecular clock, is involved in metabolic alterations (2) . It has been shown in animal models that mice with Clock gene disruptions are prone to develop a phenotype resembling MetS (3) . In 2004, Rudic et al (4) showed that mutations in the Clock gene were associated with impaired glucose tolerance, which indicates that the disruption of the circadian system may be causal for the expression of some of the MetS components.
Lipids, especially fatty acids (FAs), play a critical metabolic role (5) . In particular, the composition of membrane FAs greatly influences membrane function, and the interplay between dietary FAs, membrane lipid composition, and several MetS components has been reviewed (6) . Moreover, mounting evidence suggests that FAs might regulate different chronobiological functions. FAs affect pineal function, which is implicated in the sleep-wake rhythm and may play a role in the regulation of locomotor and exploratory activity (7) . Studies performed in experimental models show that changes in the pineal membrane FA composition are associated with a lessening of the melatonin rhythm and a weakening of the endogenous functioning of the circadian clock and play a role in nocturnal sleep disturbances, as described in attention deficit/hyperactivity disorder (7) . Conversely, the circadian system has been reported to influence lipid metabolism through the regulation of expression and/or activity of some metabolic enzymes and transport systems involved in FA me-tabolism (8, 9) . As such, several nuclear receptors involved in lipid metabolism have been found to exhibit circadian rhythmicity of expression (10) . Peroxisome proliferator-activated receptor a (PPARa), a nuclear receptor family member, provides an example of coordination between circadian and metabolic processes (11) . It has been shown that CLOCK/ BMAL1-mediated transcription of period (PER) and cryptochrome (CRY) is modulated by PPARa/RXRa, which suggests that there may be crosstalk between PPARa/RXRa-and CLOCK/ BMAL1-regulated systems and lipid metabolism (12) (13) (14) .
More recently, these research efforts have been extended to gain further understanding about the role of CLOCK variants in human obesity and MetS risk. Thus far, only 2 studies have specifically focused on MetS, and no study has yet related CLOCK gene polymorphisms to any particular MetS component (15, 16) . Interestingly, despite the potential influence of membranes' FA composition in both, the regulation of the circadian system regulation and the risk of the MetS, there has been study of the associations between FA erythrocyte membrane composition and dietary intake and human CLOCK gene polymorphisms. Therefore, the objective of this investigation was to study the associations of CLOCK genetic polymorphisms with MetS features and describe environmental interactions such as those associations modified by dietary FAs.
SUBJECTS AND METHODS

Study participants and study design
The study sample consisted of 540 men and 560 women who participated in the Genetics of Lipid Lowering Drugs and Diet Network (GOLDN) study. GOLDN is part of the Program for Genetic Interactions Network and is funded by the National Institutes of Health through the University of Alabama at Birmingham and in collaboration with the University of Utah, Washington University, Tufts University, University of Texas, University of Michigan, University of Minnesota, and FairviewUniversity of Minnesota Medical Center. Most participants were re-recruited from 3-generational pedigrees from two National Heart, Lung, and Blood Institute Family Heart Study field centers (Minneapolis, MN, and Salt Lake City, UT) (17) . All individuals were of European descent. The details of the study design were previously described (18) . The protocol was approved by the Institutional Review Boards at the University of Alabama, the University of Minnesota, the University of Utah, and Tufts University.
Anthropometric measurements
We measured weight with a beam balance, hip circumference at maximal hip girth, and waist circumference at the umbilicus. Body mass index (BMI) was calculated as weight (kg)/height 2 (m), and obesity was defined as BMI 30. We administered clinical and lifestyle questionnaires and created an intervieweradministered direct data entry system for the diet-history questionnaire (DHQ) developed by the National Cancer Institute.
Dietary intake
Dietary intake was estimated by use of the DHQ, a foodfrequency questionnaire developed by staff at the Risk Factor Monitoring and Methods Branch. It consists of 124 food items and includes both portion size and dietary supplement questions. Two studies were conducted to assess its validity (19, 20) . The food list and nutrient database used with the DHQ are based on national dietary data (21).
Biochemical analyses
We drew venous blood after the study participants had fasted overnight. Plasma samples were stored and analyzed together. Blood collection, plasma separation and processing, and biochemical analyses for plasma lipids (including triglycerides, total cholesterol, HDL cholesterol, and LDL cholesterol), glucose, insulin, adiponectin, and interleukin-6 (IL6) were previously described (22, 23) .
Postprandial study fat challenge
The postprandial study fat challenge consisted of a meal formulated according to the protocol of Patsch et al (24) .The meal, which participants were instructed to consume within 15 min, contained 700 kcal/m 2 body surface area (2.93 MJ/m 2 body surface area); 3% of energy was derived from protein, 14% from carbohydrate, and 83% from fat sources. The cholesterol content was 240 mg, and the ratio of polyunsaturated fatty acid (PUFA) to saturated fatty acid (SFA) was 0.06. The average person consumed 175 mL heavy whipping cream (39.5% fat) and 7.5 mL powdered, instant, nonfat dry milk blended with ice and 15 mL chocolate-or strawberry-flavored syrup to increase palatability. We drew blood samples immediately before (time 0) and 3.5 and 6 h after the high-fat meal.
Erythrocyte membrane fatty acid determination
Fasting blood samples were collected into EDTA-containing tubes. Erythrocyte membrane separation and FA extraction followed procedures previously described (25, 26) . The final product was dissolved in heptane and injected into a capillary Varian (Palo Alto, CA) CP7420 100-m column with a Hewlett-Packard (Palo Alto, CA) 5890 gas chromatograph equipped with a HP6890A autosampler. FA methylesters from 12:0 through 24:1 (n29) were separated, identified, and expressed as a percentage of total FAs.
DNA isolation and CLOCK genotyping
We selected tag single nucleotide polymorphisms (tag SNPs) as effective proxies for untyped SNPs in strong linkage disequilibrium (LD) by using the Tagger (27) based on HapMap Caucasian European Utah data (28) with a minor allele frequency (MAF) 0.10 and a minimum r 2 of 0.8. Tagger uses an algorithm that selects tag SNPs to construct single-and multi-marker tests to capture alleles of interest based on the computed correlation r 2 between them. For haplotype analysis, we estimated haplotype frequencies using the expectation-maximization algorithm implemented in HelixTree for a subset of SNPs selected on the basis of individual association with a given trait (29). To determine the association between haplotypes and phenotypes, we examined the association between haplotypes and given traits using linear regression models, while treating carriers or noncarriers of a haplotype as a predictor (30) . Analyses were adjusted for potential confounders.
DNA was isolated from blood samples by using routine DNA isolation sets (Qiagen, Hilden, Germany). We performed genotyping of CLOCK gene polymorphisms using a TaqMan assay with allele-specific probes on the ABI Prism 7900HT Sequence Detection System (Applied Biosystems, Foster City, CA) according to standardized laboratory protocols (31) .
Bioinformatics analysis
The LD plot between the studied SNPs is shown in Figure 1 . SNPs were selected by using 3 criteria: literature reports of genetic associations or biological function of interest, bioinformatics functional assessment, and LD structure. In conjunction with the selection of tag SNPs, we also performed a bioinformatics analysis of the genomic DNA sequence encompassing the different SNPs in order to ascertain putative biological consequences of the different alleles. SNPs mapping to regions upstream of the transcription start site or within introns were studied with MAPPER (32) to identify potential allele-specific transcription factor binding sites. No intronic SNPs altered splice acceptor or donor sites or other signals recognized by the splicing machinery, such as the polypyrimidine tract. Polymorphisms within the 3#-UTR of the mRNA can exert an effect on the folding of the mRNA with concomitant changes in mRNA stability. Such was tested with RNAfold (33) within the Vienna RNA package.
Statistical analysis
Those variables, which were not normally distributed, were log transformed. We applied analysis of variance and Student's t test to compare crude means across genotype groups. We tested different genetic inherent models, and a dominant model was applied in the final analyses for all the SNPs selected, except for rs1801260 (3111T/C), which followed a recessive model. We carried out multivariate adjustments of the associations by analysis of covariance and estimated adjusted means. We adjusted analyses for sex, age, and family relationships. We also tested the statistical homogeneity of the effects by sex in the corresponding regression model with interaction terms. The familial relationships within the population were adjusted by using a generalized linear model implemented in the GENMOD procedure in SAS assuming an exchangeable correlation structure within pedigree (34, 35) We fitted logistic regression models to estimate the odds ratios (ORs) and 95% CIs of obesity and particular MetS components, such as high triglycerides, high glucose, high blood pressure and abdominal obesity associated with the CLOCK polymorphism. We used routine regression diagnostic procedures to ensure the appropriateness of the models. Statistical analyses were done by using SPSS 15.0 software (SPSS Inc, Chicago, IL). A 2-tailed P value ,0.05 was considered statistically significant.
RESULTS
Characteristics of the population studied, including MetS features and FA intake and composition, are shown in Table 1 . Briefly, 37.3% of our population had MetS. Significant inverse correlations were found between oleic acid and the total MUFA content of erythrocyte membranes and MetS traits (oleic acid and total MUFAs, respectively): BMI (r = 20.092, P = 0.003; r = 20.18, P = 0.0001), glucose (r = 20.08, P = 0.006; r = 20.80, P = 0.001), and insulin (r = 20.10, P = 0.001; r = 20.13, P = 0.001); conversely, we found significant correlations for adiponectin (r = 0.10, P = 0.001; r = 20.14, P = 0.0001).
Genotype frequency of CLOCK variants in the GOLDN population SNP rs1464490 was selected as the tag SNP for a large LD block (LD1); rs3749474, also from LD1, was selected from bioinformatics functional assessment because of its potential effect on mRNA structure, and rs4864584 was selected because of its previous association with overweight/obesity (15, 16) . From the different SNPs in LD2, inclusion of rs4580704 was based on its previous relation with BMI (16) . From LD3, we selected rs18012602 (3111T/C) based on previous reports showing associations with sleep alterations (36) and bingeeating disorders (37) . Their locations in the CLOCK gene, Hardy-Weinberg equilibrium, and MAF of the SNPs studied are listed in Table 2 . CLOCK genotype frequencies did not deviate from Hardy-Weinberg equilibrium expectations. Because rs3749474, rs1464490, and rs4864548 were almost in complete LD and displayed a similar pattern of phenotypic associations, only the results for the rs3749474 SNP are presented. We first examined the association between the CLOCK SNPs and MetS components ( Table 3) . We did not detect sex heterogeneity for any of the SNPs examined. Therefore, we present the results for men and women combined. We found significant associations with weight and BMI for SNPs rs4580704 and rs1801260 (3111T/C) ( Table 3 ). These SNPs were also associated with glucose and insulin-resistance related variables such as plasma insulin, homeostasis model assessment of insulin Table 4) . We found no associations between CLOCK SNPs and fasting lipids such as triglycerides, HDL cholesterol, LDL cholesterol, VLDL cholesterol, and total cholesterol. Conversely, postprandial triglyceridemia after a fat-loading test was lower in carriers than in noncarriers for the rs4580704 allele (P = 0.045). However, associations found for rs4580704 were lost when data were adjusted for BMI (Tables 3 and 4) . Systolic and diastolic blood pressure values were also strongly associated with SNP rs4580704. Minor allele carriers had lower blood pressure values than did carriers of the common allele. These data were consistent with further logistic regression analysis, which showed that minor allele carriers had a 45% lower risk of having hypertension. These results were statistically significant after adjustment for BMI (Table 4) .
We found significant associations between each of the SNPs examined and oleic acid and total MUFA FA membrane composition, with rs4580704 and rs3749474 following a dominant pattern, whereas 3111T/C followed a recessive pattern of inheritance (Table 3) . Total fat intake was also associated with CLOCK gene polymorphisms. Minor allele carriers of SNP rs3749474 showed a higher intake of fat, whereas the opposite was true for rs4580704. After the adjustment for total fat intake, associations with dietary FAs disappeared, whereas those found for membrane FAs remained statistically significant, even after adjustment for n23 and n26 PUFAs. Moreover, addition of BMI to the statistical model did not affect the significance of most of the main effect associations (Table 3) . To assess sleep quality, serum IL-6 was measured. After adjusting for BMI, we found significant associations between serum IL-6 values and rs4580704 and rs3749474 SNPs.
We identified significant gene-diet interactions associated with MetS at the CLOCK locus. By dichotomizing MUFA intake, we found significantly different effects across rs4580704 genotypes for glucose (P = 0.020) and insulin resistance (HOMA) (P = 0.026). When the MUFA intake (% of energy) was below the median (,13.2%), no significant differences were found for plasma glucose concentrations and HOMA between carriers and noncarriers (P . 0.05). However, when MUFA intake was 13.2%, minor allele carriers had significantly lower plasma glucose concentrations (P = 0.025) ( Figure 2 ) and HOMA (P = 0.004) values than did noncarriers. We also found different effects across CLOCK 3111T/C genotypes for SFA intake (% of energy) (P = 0.017) (Figure 3) . Similarly, when the SFA intake was ,11.8%, no significant differences were found for waist circumference between carriers and noncarriers (P = 0.153). Conversely, when SFA intake was 11.8%, minor allele carriers had larger waist circumferences than noncarriers (P = 0.028).
Haplotype analysis
To examine the combined effects of multiple variants of CLOCK, we conducted a haplotype analysis using a subset of CLOCK SNPs. Although the best method among proposed strategies to select SNPs for haplotype analysis is debatable, we selected 3 SNPs that exhibited significant or marginally significant association with any given trait: rs3749474, rs45807041, and rs1801260 (3111T/C).
There were 7 haplotypes with frequencies ranging from 1% to 31%, which accounted for 100% of all haplotypes in this population. For further analysis we selected those haplotypes with frequencies .4%, such as TCA (31%), CGA (29%), CCG (29%), and TCG (4.3%). The 3 SNPs in haplotypes were arranged in the order rs3749474, rs4580704, 3111T/C. After adjustment for covariates, haplotype analysis showed that carriers of the haplotype CGA had a lower BMI, weight, waist circumference, adiponectin concentration, and blood pressure than did noncarriers ( Table 5 ). In addition, CLOCK haplotype CGA was significantly associated with oleic acid RBC membrane composition. Haplotype was composed of the major allele of rs3749474, minor allele of 4580704, and major allele of rs1801260. Data were consistent with previous associations between the different variables studied and the particular CLOCK SNPs. The frequency of CLOCK haplotype CGA was 60.6% in noncarriers and 39.4% in carriers.
DISCUSSION
In this study we replicated, in a large US white population, the previously shown associations between CLOCK gene polymorphisms and BMI (15, 16, 37) . Moreover, we showed novel significant associations with individual MetS components such as waist, glucose metabolism-related variables and blood pressure. Carriers of the CGA (rs3749474/rs4580704/rs1801260 (3111T/C) haplotype had lower BMI, waist circumference, blood pressure, and insulin resistance. In addition, erythrocyte membrane MUFA composition was modulated by variability at the CLOCK gene. Furthermore, the genetic effect was also modulated by dietary MUFA content. This is the first report to show such diet-CLOCK gene interactions.
We recently provided evidence of CLOCK gene expression in human adipose tissue and showed its association with different components of MetS (38) . In the current study, BMI was associated with SNPs rs4580704 and 3111T/C. Moreover, subjects with those genetic variants associated with higher BMI were also associated with a high consumption of fat. It has been reported in experimental models that high-fat feeding, particularly a high intake of saturated fat, modifies circadian synchronization to light and leads to metabolic abnormalities that mimic human MetS, including obesity and insulin resistance (39) . Carriers of the minor allele of rs4580704 (CC+CG) and noncarriers of 3111T/C had lower plasma insulin concentrations. Circadian control of glucose metabolism has been recognized from studies AUC, area under the curve; BP, blood pressure; HOMA-IR, homeostasis model assessment of insulin resistance; IL-6, interleukin-6; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid;
RBC, red blood cell; SFA, saturated fatty acid. Multivariate adjustments of the associations were obtained by ANCOVA and estimated adjusted means.
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showing variation in glucose tolerance and insulin action across the day (40) . In humans, it has been repeatedly shown that oral glucose tolerance is impaired in the afternoon and evening compared with the morning hours. This situation has been ascribed to the impaired insulin sensitivity of the peripheral tissues and to a relative decrease in insulin secretion during evening hours (40) . Adiponectin, highly related to insulin sensitivity and defined as a protector cytokine against MetS disturbances (41), is a circadian protein that exhibits both ultradian pulsatility and diurnal variation (42) . In the present population, homozygotes for the minor G allele for 3111T/C had higher BMI values than noncarriers, which could account for the lower adiponectin plasma values observed in these subjects (41) . In fact, when data were adjusted for BMI, most of the variables related to insulin resistance did not show statistical significance for this particular SNP, which suggests that, for 3111T/C, associations with glucose metabolism are mediated by obesity.
Of particular interest to MetS is the effect that circadian system has on blood pressure. In our study, minor allele carriers of rs4850704 showed lower blood pressure values than major allele carriers. These data appear independent to obesity because after adjustment for BMI, associations with CLOCK gene SNPs remained significant. Consistent with this finding, the risk of hypertension was 46% lower in minor allele carriers than in noncarriers, even after adjustment for BMI. Blood pressure displays a circadian rhythmicity, rising during the day and dipping at night (43) . The loss of this pattern has been correlated with insulin resistance and with increased end-organ damage (44, 45) . SNP rs4580704 is predicted to produce an allelespecific CREM (cAMP responsive element modulator) binding site (C allele on forward strand binds CREM, G allele does not). CREM has been shown most recently to be responsible for the circadian expression in the mouse liver of many genes that could be implicated in cardiovascular disease risk (46) .
We found no associations between CLOCK gene polymorphisms and fasting state lipids, such as triglycerides, HDL cholesterol, LDL cholesterol, VLDL cholesterol, and total cholesterol. These results agree with previous studies performed by Scott et al (15) , and Sookoian et al (16) . However, after the fat-load test, we found that the response of plasma triglycerides during the entire 6-h period was associated with the CLOCK rs4580704 SNP, which suggests either decreased triglyceriderich lipoprotein production or faster clearance of minor allele carriers. This association disappeared after BMI was adjusted for, which suggests that obesity influences these results. Related to our finding was the previous report by Romon et al (47) , who showed that postprandial lipid, lipoprotein, and apolipoprotein concentrations were affected by circadian factors. In general, associations between erythrocyte membrane FA composition and MetS risk were previously reviewed (6) . Moreover, we reported in this population significant differences in the erythrocyte FA profile between MetS and non-MetS subjects (48) . Our 2. Mean (6SE) fasting plasma glucose concentrations by rs4580704 polymorphism at the CLOCK gene according to monounsaturated fatty acid (MUFA) intakes below and above the population median (13.2% of energy). Estimated means were adjusted for sex, age, and familial relationships. P values for the interaction (P = 0.020) terms between fat intake and the corresponding polymorphism were obtained in the hierarchical multivariate interaction model containing MUFA intake as a categorical variable with additional control for the other covariates. results indicate that the oleic acid contents of erythrocyte membranes were inversely associated with obesity and insulinresistant traits, which supports the protective role of MUFAs against MetS risk. However, our study goes further by demonstrating that this protective effect may differ according to the genetic background, in this particular case exemplified by the CLOCK gene. Thus, minor allele carriers of any of the SNPs examined had lower oleic acid and total MUFA contents in RBC membranes than did homozygotes for the major allele, except for rs4580704 SNP, for which the higher MUFA content was associated with the presence of the minor allele. These effects remained significant even after adjustment for obesity.
Dietary fat intake correlated with membrane FA lipid composition, with PUFA showing a tighter correlation than MUFA (49) . Oleic acid can be synthesized de novo through elongation and desaturation processes involving the stearoyl-CoA-desaturase-1 (50). The circadian system regulates lipid metabolism throughout the expression and/or activity of some metabolic enzymes involved in FA metabolism (8, 9) . CLOCK also functions as a transcriptional regulator of different nuclear receptors, which are known to respond to lipids, particularly PPARa and REV-ERBa (NR1D1) (10, 11) .
We hypothesized that differences in the MUFA content of RBCs between carriers and noncarriers of CLOCK gene variants could be due to CLOCK-related changes in the circadian regulation of lipid metabolism. Indeed, our analysis with RNAfold (33) rs3749474 suggests that the T/C base change in the CLOCK 3#-UTR transforms the structure of this particular region, potentially affecting CLOCK mRNA stability or cellular localization. Altered CLOCK mRNA stability could account for a diminished activity of stearoyl-CoA-desaturase-1 in RBC membranes, resulting in the lower MUFA content characteristic of carriers of the CLOCK variant.
Furthermore, a reduced membrane MUFA content could also account for the progression of metabolic disorders in minor allele carriers. It has been postulated that the FA composition of RBCs is a reliable biomarker of dysregulation of lipid and glucose metabolism in the liver. Furthermore, insulin resistance correlates with changes in the FA composition of RBC membranes (51) . In our population, subjects with those genetic variants associated with a lower oleic acid content in RBCs also displayed MetS alterations. We could speculate as well that changes in RBC membrane FA composition correlates with those in other cell membranes such as the pineal gland affecting circadian system regulation (7).
The dietary lipid profile has a direct and substantial effect on diseases linked to MetS. It has been shown that dietary MUFAs exert a protective role, whereas SFA intake is directly correlated with obesity and insulin resistance (5, 52, 53) . In the present study, analyses of gene-diet interactions showed that dietary MUFA intake could influence the association between insulin resistance and the circadian system. Indeed, for the rs4580704 SNP, the improved insulin sensitivity associated with the minor allele was present only at high MUFA intakes. Furthermore, for SNP 3111T/C, we found a significant gene-diet interaction, by which the deleterious effect of this gene variant on visceral fat was present only in association with high intakes of SFAs.
Our data show strong associations between CLOCK gene polymorphisms and plasma IL-6 concentrations. For SNP rs4580704, the data showed that carriers of the major allele (CC) who reported high BMI also had decreased plasma cytokine concentrations, which could result in decreased sleep (54) . For rs3749474, carriers of the major allele who had higher membrane-MUFA concentrations and reported a lower intake of fat, an increase in serum IL-6 concentrations associated with a better sleep quality was observed. It is well known that different cytokines exert effects on sleep time (55) (56) (57) . In particular, IL-6 is considered to be a sleep factor because concentrations are a good indicator of sleep pattern and fatigue (57) (58) (59) (60) (61) . These data as a whole assume the greatest importance of sleep quality and duration in obesity and metabolic alterations and confirm experimental and epidemiological studies linking sleep deprivation with obesity. One limitation of the present study was the problem of multiple comparisons. False-positive results make genetic association studies particularly susceptible to publication bias. However, this study is a replication of previous work performed by Sookoian et al (16) and Scott et al (15) , which suggest the consistency of associations.
In summary, our results in a US white population support the notion that genetic variation at the CLOCK gene is associated with MetS features, including BMI, waist circumference, glucose-related variables, and blood pressure. Moreover, RBC MUFA composition changes among genotypes. Most interesting is the finding showing that these genetic effects on insulin resistance and obesity phenotypes could be modulated by the dietary intake of MUFAs and SFAs. All of these results reinforce the importance of CLOCK genes in MetS risk and the relevant The authors' responsibilities were as follows-MG: collection and analysis of data and writing of the manuscript; Y-CL: collection and analysis of data; JS: analysis of data; LDP: provision of significant advice; DKA and MYT: design of the experiment; C-QL: provision of significant advice; JMO: design of the experiment, critical reading of the manuscript, and provision of significant advice. There were no potential conflicts of interest.
